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(54) Sem iconductor device 

(57) Interconnection wiring lines (30) connecting 
electrode terminals (16) with external connection termi- 
nals (12) are provided for semiconductor chips with a 
large number or high density of external connection ter- 
minals. A semiconductor device is disclosed which in- 
cludes a semiconductor chip (10) having electrode ter- 
minals (16) electrically connected to external connec- 
tion terminals (12). The semiconductor chip (10) has an 
electrode terminal carrying surface (11) including the 
electrode terminals (16) and interconnection wiring lines 
(30). Each of the interconnection wiring lines (30) have 



one end bonded to one of the electrode terminals (16) 
and the other end forming a pad (30a). An insulating lay- 
er (34) is formed over the electrode terminal carrying 
surface (11) to cover the electrode terminals (16), the 
interconnection wiring lines (30) and the remaining area 
of the electrode terminal carrying surface (11). Conduc- 
tor lands (32) are formed on the insulating layer (34), 
each of the conductor lands (32) having a part forming 
a via (36) extending through the insulating layer (34) to 
the pad (30a) of one of the interconnection wiring lines 
(30). The external connection terminals (1 2) are formed 
on the lands (32). 
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Description 

[0001] The present invention relates to a chip size 
package, i.e., a semiconductor device having substan- 
tially the same size as that of a semiconductor chip in- 5 
eluded therein. 

[0002] A chip size package (CSP) is a semiconductor 
device having substantially the same size as that of a 
semiconductor chip included therein and having an 
electrode terminal carrying surface including electrode 
terminals, electrically connected to external connection 
terminals, in the form of solder balls, etc. Figure 7 shows 
a cross-sectional view of a CSP including a semicon- 
ductor chip 10 and external connection terminals 12, 
which are arranged entirely over an electrode carrying 
surface 11 of the semiconductor chip 10 that has a very 
small area. A protective film 14 protects the electrode 
carrying surface 11. 

[0003] Figure 8 is a plan view showing an arrayed ar- 
rangement ol external connection terminals 12 over the 
electrode carrying surface 1 1 of the semiconductor chip 
10. The arrangement of the electrode terminals 16 on 
the electrode terminal carrying surface 11 varies with the 
types of CSP 1 0. The shown type of semiconductor chip 
includes the electrode terminals 16 arranged along the 
periphery of the electrode terminal carrying surface 11 
and interconnection wiring lines 18 outwardly extending 
from the arrayed external connection terminals 1 2 to the 
electrode terminals 16 to provide electrical connection 
between the electrode terminals 16 and the external 
connection terminals 12. 

[0004] Figure 9 is an enlarged partial cross-sectional 
view showing that the interconnection wiring lines 18 
have a pari forming a land 18a with a sufficient size for 
bonding to the external connection terminals 12, i.e. : the 
interconnection wiring lines 1 8 have one end bonded to 
the electrode terminals 1 6 and the other end forming the 
land 1 8a positioned for bonding to the external connec- 
tion terminals 12. 

[0005] An insulating layer 20 covers the surface of the 
semiconductor chip 10 and has openings at positions 
corresponding to the electrode terminals 16. After the 
insulating layer 20 having the openings is formed on the 
electrode terminal carrying surface 11 of the semicon- 
ductor chip 10, a conductor layer is formed on the insu- 
lating layer 20 ; by sputtering, etc., and is then patterned 
by etching to form the interconnection wiring lines 18 
each having one end forming a land 18a. 
[0006] A chip size package has a problem that, as the 
number or density of the external connection terminals 
12 is increased, the space between neighboring exter- 
nal connection terminals 1 2 becomes too small to allow 
the interconnection wiring lines 18 to run th r through. 
Th r mayb a case in which a plurality of interconnec- 
tion wiring lines 18 must run through the space between 
neighboring external connectbn terminals 12. 
[0007] It is a continuing trend that CSPs will have a 
further increased number of in/out terminals or external 



connection terminals to provide multipin CSPs, and in 
an extreme case, it may not be possible to run Intercon- 
nection wiring lines 18 through the space between 
neighboring external connection terminals 12. 
[0008] The object of the present invention is to go at 
least some way towards providing a CSP or a semicon- 
ductor device having substantially the same size as that 
of a semiconductor chip included therein, particularly a 
multipin CSP structure which enables interconnection 
wiring lines connecting electrode terminals with external 
connection terminals to be easily provided for semicon- 
ductor chips having increased number or density of ex- 
ternal connection terminals as in/out terminals. 
[0009] According to the present invention, there is 
provided a semiconductor device including a semicon- 
ductor chip having electrode terminals electrically con- 
nected to external connection terminals, the semicon- 
ductor chip having an electrode terminal carrying sur- 
face including the electrode terminals and interconnec- 
tion wiring lines, each of the interconnection wiring lines 
having one end bonded to one of the electrode terminals 
and the other end forming a pad; 

an insulating layer formed over the electrode termi- 
nal carrying surface to cover the electrode termi- 
nals, the interconnection wiring lines and the re- 
maining area of the electrode terminal carrying sur- 
face; 

conductor lands formed on insulating layer, each of 
the conductor lands having a part forming a via ex- 
tending through the insulating layer to the pad of 
one ot the interconnection wiring lines; and 
the external connection terminals formed on the 
lands. 

[0010] Typically, the lands are smaller in diameter 
than the pad. The via is preferably formed of a conductor 
layer coating a side wall and a bottom of a through hole 
penetrating the insulating layer, the bottom of the 
through hole being defined by a surface of the intercon- 
nection wiring lines. 

[0011] In a preferred embodiment, the lands occupy 
areas of the insulating layer that overlap areas of the 
electrode terminal carrying surface that are occupied by 
the interconnection wiring lines. 
[0012] Particular embodiments of the present inven- 
tion will now be described with reference to the accom- 
panying drawings in which: 

Figure 1 is a cross-sectional view showing a semi- 
conductor device structure including a semiconduc- 
tor chip having an electrode terminal carrying sur- 
face on which el ctrode terminals and interconnec- 
tion wiring lin s are disposed, an insulating layer 
disposed on th electrod terminal carrying sur- 
face, and an ext rnal connection terminal disposed 
on the insulating layer, according to a preferred em- 
bodiment of the present invention; 
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Fig. 2 is a plan view showing the mutual positioning 
of the external connection terminals and the inter- 
connection wiring lines of the semiconductor device 
shown in Fig. 1: 

Fig. 3 is a cross-sectional view showing a semicon- $ 
duclor device structure according to another pre- 
ferred embodiment of the present invention: 
Fig 4 includes cross-sectional views showing proc- 
ess steps for producing a semiconductor device ac- 
cording to a preferred embodiment of the present 
invention: 

Fig 5 includes cross-sectional views showing proc- 
ess steps subsequent to the steps shown in Fig. 4; 
Fig 6 includes cross-sectional views showing proc- 
ess steps for producing a semiconductor device ac- 
cording to another preferred embodiment of the 
present invention; 

Fig. 7 is a cross- sectional view showing a conven- 
tional semiconductor device structure including a 
semiconductor chip having an electrode terminal 
carrying surface on which external connection ter- 
minals are arranged; 

Fig. 8 is a plan view showing a typical arrangement 
of external connection terminals and electrode ter- 
minals of a conventional semiconductor device; and 
Fig. 9 is a cross-sectional view showing a conven- 
tional semiconductor device structure including a 
semiconductor chip having an electrode terminal 
carrying surface on which electrode terminals, ex- 
ternal connection terminals and interconnection 
wiring lines are disposed. 

[001 3] Figure 1 is a partial cross-sectional view show- 
ing a semiconductor device structure according to a pre- 
ferred embodiment of the present invention. The shown 
device structure includes a semiconductor chip 10 hav- 
ing an electrode terminal carrying surface 11 having an 
electrode terminal (not shown) formed thereon and elec- 
trically connected to an external connection terminal or 
solder ball 12 through an interconnection wiring line 30 
having one end (a first end, not shown) bonded to the 
electrode terminal and the other end (a second end) 
forming a pad 30a bonded to a via 36 defined by a part 
of a conductor land 32 bonded to the external connec- 
tion terminal 12 formed thereon, in which the intercon- 
nection wiring line 30 and the land 32 are disposed on 
the electrode terminal carrying surface 1 1 and on an in- 
sulating layer 34, respectively, to prevent mutual inter- 
ference therebetween while providing electrical connec- 
tion therebetween through the via 30a. 
[0014] More specifically, the interconnection wiring 
line 30 is formed on an insulating layer 20 coating the 
cloctrodo terminal carrying surface 11 of the semicon- 
ductor chip 10 and has on end (th first end) bond d 
to an lectrode terminal of the chip 1 0. 
[0015] To compare, the conventional semiconductor 
device, as shown in Fig. 9, has an interconnection wiring 
line 18 having one end (a first end) bonded to an elec- 



trode terminal 16 of a semiconductor chip 10 and the 
other end (a second end) forming a conductor land 18a 
bonded to an external connection terminal or solder ball 

[0016] According to the present invention, the inter- 
connection wiring line 30 has the second end forming a 
pad 30a connected to the land 32 through the via 36 
penetrating through the insulating layer 34 intervening 
between the interconnection wiring line 30 and the land 
32. The pad 30a forms a part of the interconnection wir- 
ing line 30, electrically connects the interconnection wir- 
ing line 30 to the land 32 through the via 36 and has a 
diameter equivalent to the width of the interconnection 
wiring line 30 and smaller than the diameter of the land 
32. The via 36 is formed by first forming a via hole pen- 
etrating through the insulating layer 34 so that the pad 
30a is exposed to define the bottom of the via hole and 
then coating the inner surface of the via hole with a con- 
ductor layer. 

[0017] The land 32 has a diameter far greater than the 
width of the interconnection wiring line 30. The position- 
al relationship between the land 32 : or the external con- 
nection terminal or solder ball 12, and the interconnec- 
tion wiring line 30 is shown by Fig. 1 in a cross-sectional 
view or by Fig. 2 in a plan view. 

[0018] According to the present invention, the inter- 
connection wiring line 30 and the land 32 form separate 
layers with the insulating layer 34 intervening therebe- 
tween, so that the interconnection wiring line 30 and the 
land 32 can occupy areas overlapping on a plan view, i. 
e. f the former runs under the latter without mutual inter- 
ference except for the intended connection between the 
pad 30a and the via 36. 

[0019] As previously described herein, the conven- 
tional semiconductor device has a structure in which in- 
terconnection wiring lines and external connection ter- 
minals are disposed in the same layer, i.e., on an elec- 
trode terminal carrying surface of a semiconductor chip, 
and the number or density of the external connection 
terminals is limited because spaces between the exter- 
nal connection terminals must be sufficient for the inter- 
connection wiring lines(s) running therethrough in order 
to prevent interference between the interconnection wir- 
ing lines and the external connection terminals. 
[0020] In the present invention, external connection 
terminals are disposed on lands formed on a surface of 
an insulating layer separate from an electrode terminal 
carrying surface on which interconnection wiring lines 
are formed, so that the interconnection wiring lines can 
run through the areas of the electrode terminal carrying 
surface that were conventionally occupied by the exter- 
nal connection terminals and so that the areas for the 
interconnection wiring tines and th external connection 
terminals are substantially increased to provide a sem- 
iconductor devic with an incr as d number or density 
of the external connection t rminats. 
[0021] Inth shown mbodiment, the interconnection 
wiring line 30 is designed to b connected at one end to 
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an electrode terminal of the semiconductor chip 10 and 
to be connected at the other end forming the pad 30a to 
the land 32. 

[0022] The pad 30a is formed at a position for bonding 
to the land 32 through the via 36 formed by a part of the 
land 32. Although the land 32 shown in Fig. 2 has the 
via 36 at its center, the position of the via 36 is not nec- 
essarily so limited but may be formed by any part of the 
land 32. The pad 30a is designed to be positioned within 
an area in a top plan view that is occupied by the land 
32 and the land 32 is designed to have a part forming 
the via 36 that corresponds to the position of the pad 
30a. This provides an improved freedom of designing 
the arrangement of the interconnection wiring lines, in- 
cluding the pads, with respect to the positions of the 
lands or the external connection terminals. 
[0023] Figure 3 shows a semiconductor device ac- 
cording to another preferred embodiment of the present 
invention, in which the external connection terminal 12 
is in the form of a lead pin in replacement for a solder 
ball. A land 32 is formed on an insulating layer 34 which 
covers an interconnection wiring line 30, a via 36 elec- 
trically connects the interconnection wiring line 30 with 
the land 32 and an external connection terminal or lead 
pin 12 standing on and bonded to, the land 32. Solder 
40 bonds the lead pin 12 to the land 32. The intercon- 
nection wiring line 30 is arranged to cause no interfer- 
ence with the external connection terminal or lead pin 
1 2. A protective film 38 protects the surface of the insu- 
lating layer 34 on which surface the land 32 is formed. 
[0024] The semiconductor device shown in Figs. 1 
and 2 can be produced through the process steps 
shown in Figs. 4 and 5. 

[0025] Figure 4 shows the process steps for forming 
interconnection wiring lines on an electrode terminal 
carrying surface of a semiconductor chip. 
[0026] Referring to Fig. 4(a), an insulating layer 20 is 
formed on an electrode terminal carrying surface 11 of 
a semiconductor chip 1 0, by either applying a polyimide 
or other insulating resin or bonding an insulating resin 
film to the electrode terminal carrying surface 11. 
[0027] Referring to Fig. 4(b), the insulating layer 20 is 
chemically etched or laser-irradiated to form an opening 
through which an electrode terminal 16 of the semicon- 
ductor chip 10 is exposed. 

[0028] Referring to Fig. 4(c), a conductor layer 42 is 
formed to cover the insulating layer 20 and the opening 
including the side wall thereof and the exposed surface 
of the electrode terminal 16, by sputtering, plating, or 
other suitable coating method. The conductor layer 42 
having a desired thickness is preferably formed by form- 
ing a thin conductor layer by sputtering or by electroless 
copper plating, followed by lectrolytic copper plating 
using the thin conductor lay r as a current upply layer. 
[0029] Ref rring to Fig. 4(d), the conductor layer 42 
is patterned by chemical etching to form int rconnection 
wiring lines 30 Specifically, a photosensitive resist is ap- 
plied to th surface of the conductor layer 42, th thus- 



formed resist layer is exposed to light and developed to 
form a resist pattern having a reversed pattern of the 
interconnection wiring 30, the conductor layer 42 is 
etched using the resist pattern as an etching mask, and 

5 the resist pattern is removed by dissolution to leave the 
patterned interconnection wiring 30 on the insulating 
layer 20. The each interconnection wiring line 30 has 
one end connected to the electrode terminal 16 of the 
semiconductor chip 10 and the other end forming the 

10 pad 30a. 

[0030] Referring to Fig. 4(e), an insulating layer 34 is 
formed by applying a polyimide or other insulating resin 
or by bonding an insulating resin film to the surface on 
which the interconnection wiring line 30 is formed. 
is [0031] Figure 5 shows the process steps for forming 
a land 32 on the insulating layer 34, the land 32 being 
electrically connected to the interconnection wiring line 
30. 

[0032] Referring to Fig. 5(a), the insulating layer 34 is 
either etched or laser-irradialed to form a via hole 34a 
penetrating through the insulating layer 34 to expose the 
upper surface of the pad 30a of the interconnection wir- 
ing line 30. The via hole 34 has a side wall defined by 
an exposed surface of the insulating layer 34 and a bot- 
tom defined by the exposed upper surface of the pad 
30a. The via hole 34 is positioned on the pad 30a of the 
interconnection wiring line 30 and defines the site for 
forming a via providing electrical connection between 
the pad 30a and a land on the insulating layer 34. 
[0033] Referring to Fig. 5(b), a conductor layer 44 is 
formed by sputtering or plating to cover the insulating 
layer 34 and the via hole 34a. The conductor layer 44 
adheres to the side wall and bottom of the via hole 34a. 
The conductor layer 34 may be thickened, if necessary, 
by further electrolytic copper plating, etc. 
[0034] Referring to Fig. 5(c), the conductor layer 44 
is patterned by etching to form a land 32 on the insulat- 
ing layer 34, i.e., by forming on the conductor layer 44 
a resist pattern having a reversed pattern of the land 32 
and etching the conductor layer 44 using the resist pat- 
tern as an etching mask, as mentioned above referring 
to Fig. 4(d). The thus-formed land 32 lies on the insulat- 
ing layer 34 and has a part forming a via 36 filling the 
via hole 34a and electrically connecting the land 32 with 
the pad 30a of the underlying interconnection wiring line 
30. The land 32 may be further plated with a protective 
film of gold, etc. 

[0035] Referring to Fig. 5(d), a solder resist or other 
protective film 38 is formed on the surface on which the 
land 32 is formed, to cover the surface except for the 
area occupied by the land 32. 

[0036] Referring to Fig. 5(d), a solder ball 12 as an 
external connection terminal is formed on, and bonded 
to, th land 32, typically by placing a sold r ball on the 
land 32 and reflowing th solder ball, to complete a sem- 
iconductor d vice according to th pres nt invention, in 
which the interconnection wiring line 30 and the land 32 
are separated from each other by the intervening insu- 
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fating layer 34 except for the via 36 connecting the in- 
terconnection wiring line 30 with the land 32 to conse- 
quently provide electrical connection between the elec- 
trode terminal 16 of the semiconductor chip 10 and the 
external connection terminal 12 through the intercon- 
nection wiring line 30. 

[0037] The interconnection wiring line 30 and the land 
32 may be formed by other methods as follows. 
[0038] The interconnection wiring line 30 may be 
formed by a so-called semi-additive process as shown 
in Fig. 6. 

[0039] Referring to Fig. 6(a), after the process step 
shown in Fig. 4(b), sputtering or electroless copper plat- 
ing is carried out to form a current supply layer or thin 
conductor layer 46 on the insulating layer 20 including 
the opening having a side wall and a bottom defined by 
the exposed surface of the electrode terminal 16. 
[0040] Referring to Fig. 6(b), a photosensitive resist 
is then applied to the surface of the thin conductor layer 
46, followed by exposure to light and development to 
form a resist pattern 48 having a reversed pattern of the 
interconnection wiring 30. 

[0041] Referring to Fig. 6(c), electrolytic copper plat- 
ing is carried out to form a conductor layer 50 on the thin 
conductor layer 46 in the portions exposed through the 
resist pattern 48. 

[0042] Referring to Fig. 6(d), the resist pattern 48 is 
removed by solution thereof to leave the conductor layer 
50 in a patterned form and the underlying thin conductor 
layer 46 in a continuous form. Chemical etching is then 
carried out to only remove the thin conductor layer 46 
in the portions exposed through the patterned conductor 
layer 50, thereby completing an interconnection wiring 
line 30 lying on the insulating layer 20 and being com- 
posed of an upper substantial portion of the conductor 
layer 50 and a lower portion of the thin conductor layer 
46. 

[0043] The thin conductor layer 46 is only necessary 
to provide a current supply layer for the subsequent 
electrolytic plating of the conductor layer 50 and can be 
extremely thin to be easily removed by etching while 
causing no substantial etching of the conductor layer 50 
in the absence of a resist or other protection. 
[0044] The land 32 on the insulating layer 34 shown 
in Fig. 5(c) may be formed by the above-described proc- 
ess. After the step of Fig. 6(d), an insulating layer 34 is 
formed to cover the interconnection wiring 30, a thin 
conductor layer for electrolytic plating is formed on the 
insulating layer 34, a resist pattern having a reversed 
pattern of the land 32 is formed on the thin conductor 
layer electrolytic copper plating is carried out to form 
the land 32 on the thin conductor layer in the portion 
exposed through the resist pattern, the resist pattern is 
then removed by solution th reof , and the thus-exposed 
portion of the thin conductor layer is r moved to leave 
the land 32 on the insulating layer 34. 
[0045] Although the processes shown in Figs. 4 to 6 
produce a semiconductor device on a single piece of the 



semiconductor chip 10 cut from a semiconductor wafer 
having plural semiconductor chip parts formed thereon, 
a plurality of semiconductor devices may be otherwise 
collectively produced on the same wafer by the same 

s process as described referring to Figs. 4 to 6 and the 
wafer is then cut to plural semiconductor devices each 
including a single piece of the semiconductor chip 10. 
[0046] As herein described, the present invention pro- 
vides a semiconductor device having interconnection 

10 wiring lines 30 on a layer separate from a layer of the 
external connection terminals 12, so that the intercon- 
nection wiring lines 30 can be arranged more freely with 
respect to the arrangement of the external connection 
terminals 1 2 and the number or density of the external 

15 connection terminals 12 can be further increased to fa- 
cilitate production of multipin CSPs without using mufti- 
layer interconnection wiring required in the conventional 
CSP structure. 



Claims 

1. A semiconductor device including a semiconductor 
chip ( 1 0) having electrode terminals (16) electrically 

2S connected to external connection terminals (12), 
the semiconductor device chip (10) having an elec- 
trode terminal carrying surface (11) including the 
electrode terminals (16) and interconnection wiring 
lines (30), each of the interconnection wiring lines 
30 (30) having one end bonded to one of the electrode 
terminals (16) and the other end forming a pad 
(30a); 

an insulating layer (34) formed over the elec- 
ts trode terminal carrying surface (11 ) to cover the 
electrode terminals (16), the interconnection 
wiring lines (30) and the remaining area of the 
electrode terminal carrying surface (11); 
conductor lands (32) formed on the insulating 
40 layer (34), each of the conductor lands (32) 
having a part forming a via (36) extending 
through the insulating layer (34) to the pad 
(30a) of one of the interconnection wiring lines 
(30); and 

4$ the external connection terminals (12) formed 

on the lands (32). 

2. A semiconductor device according to claim 1, 
wherein the lands (32) are smaller in diameter than 

so the pads (30a) 

3. A semiconductor device according to claim 1 or 
claim 2, wherein the via (36) is formed of a conduc- 
tor lay r (44) coating a sid wall and a bottom of a 

55 through hole (34a) pen trating the insulating layer 
(34), the bottom of the through hole (34a) being de- 
fined by a surface of an interconnection wiring line 
(30). 
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A semiconductor device according to any one of the 
preceding claims, wherein the lands (32) occupy ar- 
eas of the insulating layer (34) that overlap areas of 
the electrode terminal carrying surface (11 ) that are 
occupied by the interconnection wiring lines (30). 
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(57) Interconnection wiring lines (30) connecting 
electrode terminals (16) with external connection termi- 
nals (12) are provided for semiconductor chips with a 
large number or high density of external connection ter- 
minals. A semiconductor device is disclosed which in- 
cludes a semiconductor chip (10) having electrode ter- 
minals (16) electrically connected to external connec- 
tion terminals (12). The semiconductor chip (10) has an 
electrode terminal carrying surface (11) including the 
electrode terminals (1 6) and interconnection wiring lines 
(30). Each of the interconnection wiring lines (30) have 



one end bonded to one of the electrode terminals (16) 
and the other end forming a pad (30a) . An insulating lay- 
er (34) is formed over the electrode terminal carrying 
surface (1 1 ) to cover the electrode terminals (1 6), the 
interconnection wiring lines (30) and the remaining area 
of the electrode terminal carrying surface (11). Conduc- 
tor lands (32) are formed on the insulating layer (34), 
each of the conductor lands (32) having a part forming 
a via (36) extending through the insulating layer (34) to 
the pad (30a) of one of the interconnection wiring lines 
(30). The external connection terminals (12) are formed 
on the lands (32). 
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